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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of light-emitting element capable of efficiently 
cutting with high precision a wafer comprising a III-V 
compound semiconductor layer, as well as a light-emitting 
diode, and a semiconductor laser element. 
SOLUTION: A wafer 2 has an n-type semiconductor layer 
17a and a p-type semiconductor layer 17b made from III-V 
compound semiconductor laminated on the surface 3 of a 
substrate 1. A laser beam L is radiated with a converging 
point P set inside the substrate 1 for forming a modification 
region 7 by multiphoton absorption. A cutting start region is 
formed inside a laser beam incident surface of the substrate 
1, at a prescribed distance from the incident surface, along a 
planned cutting line 5 for cutting the wafer into chips, with 
the modification region 7, and the wafer 2 is cut along the 
cutting start region. 
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2 5^J^J^t-^K^Cti. x^y^V^^^Xil-tC^^^a^tfy^U 
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[0 0 5 9] MV^Ts ^ai/N2<?:)SSlOP^§PlC. S2 

5^z:?SoT-^eTeiS«g^^Jg^'r^ (S5. 02 2) o 
^r^^%. »2 5 0jSffl>&W1f7tA*fS^bTnS* 

^^^-r^o <l(7:)3(Sffl«c7;5)^. '>x/N2:&^»ff 

[0 0 6 0] 019ti. m\ AXnm-^ntcXy— 

10 1f iox^B 1 0 o ^fflv^T^ x/N 2 \^m^U.^W^^lB 

0 7tC. ^7a:/N2tDpS^f*Sl 7 bffljt^)ffi*^ 

^)tffll^vXl 0 5i:?*iRit*^J:^lcS2B^n;5o f ^ 
U-^^)feLt*. ^x/N2C0pM*^f*;il 7 bt!l 

[0 0 6 1 ] 01 4ar;0i 9^&#Mt-^^. ^*r. a 

« 1 mJnm^mWm l 7 a tD)t®lK#tt^0^L:S:V^ 

20 T. 1 msnm^mwm 1 7 a iz.-nvxmm-^s.m.^ 

?gl 0 1 ^S^^§ (S 1 0 1) o 1^^. ClOU—lf^ 

Lti'>x/N2<op^##^4^iii 7bfflij?b^e».^*f^nsc 

[0 0 6 2] m,^^x. mwLimsnm^wmi i ao 
^fRio^ifia^?^^^^ (s 1 0 3) o P2 5 

)^;^P^'&t5*^§:^;rci6lc, «2 5^D)£ffi^cffigr^W 
1f )fe L (OmftM. P ^bfc^7:c.'N2cr)Z ttTj fSlO© 

[0 0 6 33 ^^x/^2J&lx-+f}toXgal 0 0O«gB^ 
1 0 7lOx-'N2 0D*®4*'«m)feffll^vXl osfiWi:?* 

«7t^^^*-&T'>j:>'N2©«M4^Mll'r5 (S 1 0 

So coa^T^-^ica-^v^Ta^x-^^aagui 2 5 
"^i^ag 1 1 7 CD Hr«)t©:^^*^«> x-'^ 2 2 

0 7) „ 

[0 0 6 4] CCD^x-^'ax-r-S^^SiJffliasi 1 5lc 
SlSnSo X-r-S?^J»g|5l 1 5{±. CO^^T^-^f* 

(s 1 0 9) o J:nie<fet). IB^ffl^iHi i 7©Ria?l& 
50 com^if'^ x/s 2 2 5 ©JS£ffitficg-r So «:43. « 
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COilfc±iB#7^-:5^ tt^l^SiJffllgP 1 2 7 :^fyhX'e--$( 
1 2 9fCjM?.ns cnfCJ;!?^--^^ 1 2 91CP2 SftjS 

[00 65] ^I^MffliaS 1 2 7 ta^i6X-r-<> 7°S 1 0 

L (OmftM. P OfiB*'!»« 1 ©rt^T'fe o T« 2 5 O 10 
3lcJ;t)T>i/N2*ZW:^lRltc@S6*lJS (S 1 1 

1) o 

[0 0 6 6] «V^T^ ly—'^fmi 0 1 W1f^L 

»v^lSHtcA*fLT. M2 5©ft#*i&ri:3Sii'rs:^iRi 

7 <o*s^. « 2 5 (omm.ism<omii d < 20 
(ommm. mz scorn. &xfmmif^^o:>mt^P(D& 

[0 0 6 7] i^t-'T. »2 i^lcxttx-T^-i:;^ 

1 0 9^YttX7"-i?l 1 1 W^m-^^X. Ji2 5tC?& 

•5 <fc \z.^m.mm.in:'mmm-^t>\ a&sv^^i:P2 5 

'gmu^m^'^ws.i 'D'fymmm-^ (s 1 is) » 

[00 68] dCT-. HtfSl 8^#M-rSi:s "^i/N 30 

*S{C?&-DT'>JL>'N2*1g|S[tD^yyiC^BfrS (S7, 

02 3) o -r^tp-^. x^^-X/^VK'X— ^2 S^-^jc/N 

2 corns 2 1 tTO^;^iRit#ti''reit;ic<fcDs a«i 

mm-£n^o ccot^. —mmcnm^mi^mi 7 ait 
a« 1 * D i.^^imi-^<ox\ mm 1 d^^jff^ns tin 
^}c. m2 scorns tmmi tcomi<::&^nm^mi^m 

1 7 a&tf pM^^tft^Jl 1 7 b tOKfcp ng^:^ 

*-rs^^-i':i--F3 1 A'j^^^nSo ^^3. mft^ 

•Y^- H3 1 }c^-3TV^;i>jS2 5 (O/SEKli. igv^fciS; 
[0 0 6 9] J^^iUJe^L/tJcaic, 

ym'^com^:^mRif^yt^'-^ ^- K^-a. ^ 2 <d 
7 T'fc o mm^-&=7 v 5 ic^o /fc^sng 
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WS.\ l.itMM^^ft.Wl-yimVchmiS' 
e.*5nS^#©l 7 a t>^tW^S^'l'VlC?&-pT« 

7 a:&H©III-VMb^*Wf*S^#-rS 

[0 0 7 0] Sfc. ^'x>'\^^®fr«i^te:/i^K^«'i' 

m&iim\ri^^\^. 3,j\2cr>w^<oih)i^'mM^m. 
<. m^m'?^m^ir^tcttcomm^^'omM,icx^ 

[007 1] STc. ***S?g,«lc««^)^«-?<D^;^ 

m^m 1 7 b fc« 2 5 ^j^^-r s c t n.^„ j: o 

8SBfi^t::<fcn{?. '>x/N2^W»rL.TJ^fiic$ns^^ 
rJ^'^r^a— K 3 1 © nS^S»f*jS 1 7 a 

^CttfX^^o **3. }i2 5^j^^L:&V^J||^tC«, 

»« 1 tP^mmjmmicf^ o t^w ^ ^^c^ n 

rniiim 1 7 a tein^T pM^mi^m 1 7 b fem^ic^^f 
[0 0 7 2] Sfc. **SSJgMtC«Sfg5tm?<DM3g:& 
2 5cpjSM*w^'7^AWM^;LTv^§o co^:^ 
2 ±ic^s? tLfc-ejif^^^f V 5 ^mmcvmt^ c 

[0 0 7 3] sfc. :$^mmmim^^m'iFco^:& 

SK::j3l/->Tl±. '>x/N2lCg|2 5*}g^"rS^fcv P2 

5 cDim^^mtf^-ommim^-r^ c t^ws lv\ c 

nic^-oX. P2 5 0Jffi®^^-1fJtA*fffitf 
IC. » 2 5 ©j£Bfcfett 5 W1f Jfe L «Dm^B«i <' 21 

[0 0 7 4] sfc. :^nmmmi,cm^^^m=p(ommyj 
mic^^^xit. ^m.mm^m^T:s>mic. mz scorn. 
^■M\Pit'S^m-^-m<o^mm7 <om^. ^25©^ 

«^:^:■e?StS^ffl«7^Jg^•^?#5o•e^ P2 5©^ho 

pM^«:#Ml 7 b*tW-9'JleLlcJ;tJig#'r5<:t* 
[007 5] ^43. 1 coWm2 1 ^W— ifTteAiifM 
^^7>&)^^bT'£><fcV\ COJC^lC-rntf^ g|2 
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^ 7 -D T «J»fS^ffi«^Jg^-r S C: t *^t:-* o 
•rv^«-&*^^5o CC><};-5*#a-fc. KffilcDKMZ 1 

[0 0 7 61 02 4 tt. 2^SlgBg^u:<fc5^)t^©8a 

ISC»5JcS««7;£-jg^-r5o BJC®««7*ei©<fc5fcjg 

7°s 1 1 1 (•^^c/N^ztt^^-iRiici^l?;) ^;X7^«y:/s i 
13 (^fcK«s^(oj^^) t^ssfca^iHiff^tiv^ 

TefeKffi« 7 ^fgfig LT <fc V^, 

[007 7] J: 5 7 ^rjg^-rs c 

:^[&ltc?StMM« 7 1;: 5 ^ ^ -y ^ ^bKSS- -^nt?. i^gp 
[0 0 7 8] 02 SRXfmZ 6«^ *SISftJg^fj: 30 

[0 0 7 9] 02 5^#M-rs^s *^J^fa^^:ffl^^?>n 
S'>j:^n2 al±. ■9-:7r'l'7'A^?>^S»«l fc. »S 1 
<D«® 3±t«BStXfc^ 1 #«a*«^4^»T'355 nm 

?gtt*3 3 b k. ?sttii3 3 h±icmm-^Hrc^2mm 

*^JgMfc43V^T. n S^i^^^f^S 3 3 a ^ JgttJl 3 3 4o 

I- V|ifb:tW*»^**?.?'=S:.t? >. *?#HS?t^^*Mk 

TV-^So =S:*5. *gJgM^^::fe^^S'^'J:^^2 a^i:^ Si 5 
SIfS 1 6^^:a^^tlfc±E*i0g«Oi>'^2 tmM<0 

[0 0 8 0] 2^SJg^!llCj;5^«^<0Sig77ffiT«. 
$-r. ^3./sZ a©K®2 1 }cx4^X/^VF7^-:/2 3 

^LTs "i^x^fsZ aCDpa^#f*:»3 3 c«cD 

^-YVS (01 6#M) Ie:»^T. ?gttB3 3b:S^SlJ so 
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LTSffi 1 fcab^v^g?^. -r^^-e pM^^#ji 3 3 

c*>5n^^^#:S3 3 a©^«*iS-pcD^?£:&S * -5 

3 3b tc$t«D 3 5 tmi^sn^o nms 3 5 

tt. ?gtt« 3 3b ^fe^A.T' 2 MJ^^S tU £1 © 2 M«S 
[008 1] MV^T. P2 5o;S®^wif7feA*f®i 

^^ft-r 5 c i: <t 0 . mil (OfHmcmmmjmm^ 
m^t^o ^UT. 02 6fc^sns<fc'5te, x4^x/^ 

V Kx— y 2 3 -r 21 a; «3 , r> x/N 2 a *«lif 

3 7%t#^o 

[0 0 8 2] *afJgMlcJ:t)»^nSi!j^f*:^-1f«? 

3 7 }C:|3V^Tl*> '>x^N2 aOa:Rl Ort^fPJc^^^® 
HKtV^amiC J; ??Jgm?nS?fc«ffi«7 T-feoTJg^ 

xmm-^n^^ticj^'o. mmi±icmm-&tircnm^^ 

«#®3 3 afc«I®r?«^'f V5fc?SoT-97»fSnSo 

LfcTb^oT. III-VMt;-^*-?.*SnS**#:S3 
3 a:&WrS>?x/N2*^l««**^05aj^,k<^®f^tlT 

■So 

[0 0 8 3] S;rc. :m.m^\K^x)n^n^^Mwi^— 

if 3 7 fi::fe(/^Tt±. JgttM 3 3b ^r^^fijf S t t> 
ica^l lC]lb:&V-'gil5C«p2 5ffi^x.^s2 atCjg^^S 
nSC:i:tCj;-3T. n 3 3 a t mm^lzW^ 

«>fc. u~^f^(orc)t(omm3 5 ^^stt® 3 3 b k: 

1 n^mmm^mmm-oxm^-^n^mri. nM^^#: 
e 3 3 a icmrjgttji 3 3 hmspm^mim 33c 

[0 0 8 4] :$i^m(ommmmRzf&mmic-oi-^ 
xmmir^mmvr^ti\ :^^Mii±mnmmfm.xsmmm 

[0 0 8 5] ±fB*si?^M&r>'^}^MTi±. affio«ii^ 

li siC. SK Z noV A l Ns aCf G a A s 

nJJi^^lCt>. «f!|^a"G aAlAs. GaAlAsP^ G 
aAl I nPfeifOIII-Vi^fc-^^ffll/^Seitjb^-e 

[0 0 8 6] Sfcs III-V^^{t:-&^©:&*^-?fem«' 
1 nxA lYGai-x-Y N (X>0. Y^O. X+Y^ 
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1) -i^msri^j^^^mimmn-ymit^CG Si 
ym^&±icmm-sn^cttf0i\ v-yr-frit. mo 

Rxfmim% 1 1 1 - V mit^ma. GaAsr^Ei^tt-^ 
T ^ ymm t ^mii^mt^^mmicwmir^ <fc ^ 
Mmm 7 mj^&.mic. mmtm < * s j; ^ l 

T^xfc^-^o 02 7 (a) ~ (c) a. ±IBLfc:*MJ^» 

— M^^t-^T-feSo S-Ts 02 7 (a) fc^^^nSJ; 

•5 x^'N 2 CD p 1 7 b iiJOBDlCr— y 2 20 

4^Ii5S„ ^LT. 02 7 (b) lc5^^nS<k3lC. S 

« 1 OSE2 1 *W«LT. Sffi 1 ©JP^^/h* < -r 

HOt^. >i7x>'N2ti«ffi2 1 M*^'±lRlV~'T*5t)v 
02 7 (b) «^^tl*±T3M©Hlc:&-pTt/-'§o 
X. 02 7 (c) fcS^$tLS<fcdfc, "r—yz 4^^^ 

a«l <iDSM2 1 lCX4^X>'<VK-7^-y2 3^15 

So 

[0 0 8 8] affi^^w-r 

[0 0 8 9] sfc. ±MEmmmfm'cfmmmxii. ^^m 
mmicmmsnxi^^^hc ^^m^mthxiicnmc 

Xm 2 n T t> <t V^o 

[0 0 9 0] Sfc. ±f3*SSJ^^T«. -WW^^iiE*^ 

m^Tcii^ x.-'^<Dmmicni^mxxmmt^:fjm^. y 

[00 9 1] 
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}mmcr^-^xitm.md-^-sfSit}xm-ox^m-r^ c ttp 

ti§c:i:fc<fct). a«±lcaji^n?c:iii-VMt:^ 
¥S^#S*.«J»f^^^-l'Mc»-3T^W$nSo Lfc*^ 

mmommrjimmi 

[0 1 ] ix-ifinxffoas 1 ©^M^T'^So 
[02] 0Uc^'r»«©ii-ii^lC}QcfciTia0T^a& 

So 

[0 3 ] 1^— tf toXf*(Da«<D¥B0Tfe 5 o 

[04] 03lC^-r»«©IV-IV»cmofcif®0T^ 

So 

[05] 03fca^-rs«ov-vaic?&ofc»fE0-e^ 
[06] ^Bf«n;fea®©^ffi0T'aBs„ 

yx$>^c 

[08] *SDK5jgSlTMv^S^-ifitan:^feg©^ixs 

icmf^mmcomMmx^^o 
[09] **sajg«T'ffl § tf inx^&©m 2 xs 

fc43Jtsa:KOIIf®0-e*Sc 

[01 0] **iSfS5gS8-e»v^5U'-ifinx;^©03x 
@tc*3^ts»«®»M0-e^So 

[011] **MJgfi8T'^v^;s wifAnx^s©^4x 

[012] **SSJg«TfflV^5 WifApx^SteJ;?)^ 
L?t0-T?aBS, 

[013] ifto:^Sfcfett5 

[014] u-ifitinx»B©«^«^0-efeS„ 
[015] **SSmifc^f 55g»^^®Sig:^ti:43(,^ 
Tffli/->?.n5 J:/^>&^'r^ffl0■efe So 

[016] 01 5K^-Stirct/:c^\<0^mX^^o 

[01 7] 01 efc^stifc'i'i/NOVi-viifffiS^mi 
I - VI WM^^'ri!S:^0T'2& S « 

[018] :mmmmim^^m^=?(Dma^^mm 
■t^rcit)Coyu--f-^~ b-psSo 
[0 1 9 ] 0 1 4 ic^fEtiTc V—^taJMU^mr^^X^ 

[02 0] mem'fom&m^mm-r^fcibo^jL^^ 
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[02 3] %^?os3t:^^SiB^'rsrcii)©^7x/s 

[02 6] :$immmmicjii^m^m^<DwmyDm<owi(o 
[027] >i/ x./\<Dmm<omm^mmT^:^m(o-m^ 

[iRF^OiiB^] 

1 -ftK. 2. 2a-'>i^V 3. 4-«ffi^ 5--gJ»f 



10 



1 1 — >';3>^^a^/v 1 3-^Bl!«iaSI 
1^ 1 7 3i-nm^ii^m. 1 7 b - p®i{^»f*g. 1 
9 -:tyx>'-r-J'3 V7^>y 2 1 • -a®. 2 3 - 
x:^^X/1VFt— 2 4 -7^— 2 5-m~. 3 1 - 
mft^^rt- K 3 3a -nm^Wm. 33b -ffitt 
il. 3 3 c-pS¥.#f*». 3 5-«MS. 3 7-:^|i« 
^iL-— ^'^^s 1 0 0 -P-ifAnXSB. 1 0 1 -U- 
^ytU. 1 OZ-ly-'f^mW^. 1 0 

1 0 i>\ 1 1 1 -YtiXT^— S^. 1 

1 3-ZlttXT— i?. 1 1 5 1 1 7 

-li^mjtem. 1 1 9 --e-Zxxyu'y^t. i 2 1 -m 

ap. 1 2 7 1 2 9-tc:^^f. L-Wif 
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